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ABSTRACT
Objectives: To carry out a pilot study to demonstrate the
feasibility of the contingent valuation (CV) approach to iden-
tify net beneﬁts gained from spinal interventions; and to
conduct a formal cost-beneﬁt analysis (CBA) using a retro-
spective study design. The study design is a CBA feasibility
study using a CV survey with ex post willingness-to-pay/
willingness-to-accept (WTP/WTA) questions. The CBA study
was carried out in the specialty of spinal surgery.
Summary of Background Data: Although increasing data are
gathered on the societal costs of low back pain, little infor-
mation is available on how patients “value” the beneﬁts of
surgery or whether interventions in this area are indeed cost-
beneﬁcial. CV surveys are used in CBA to elicit the consum-
er’s monetary valuations for program beneﬁts.
Materials and Methods: A total of 115 patients after lumbar
fusion, discectomy, or decompression were asked to respond
to an ex post questionnaire on their WTP/WTA for their
respective intervention. Additional questions addressed socio-
demographics, household income, and clinical outcome.
WTP/WTA was related to the actual intervention costs and
clinical outcome. TheWTP and cost data were then combined
within a formal CBA framework with associated 95% conﬁ-
dence intervals generated using bootstrapping methods.
Results: The response rate was 91.3% (n = 105). 89.5%
were satisﬁed/very satisﬁed with the treatment. 76.2% found
the result of the operation was good/excellent and 75.7%
would choose the operation for a given hypothetical inter-
vention cost. Mean stated WTP was 20% lower than the
actual operation costs (not known to respondents) for spinal
fusion, although it was 37% higher for discectomy and 10%
higher for decompression. The individuals’ ﬁnancial situation
was the strongest predictor for WTP. Pain improvement,
present pain, duration of hospitalization, and estimated inter-
vention costs were signiﬁcant independent predictors in the
expected direction for the WTP, having controlled for socio-
demographic and ﬁnancial confounding variables.
Conclusion: This study explored the feasibility of the CV
approach for spinal interventions. The approach produced
results suggesting positive net beneﬁts with their associated
levels of variability for discectomy and decompression,
indicating that such surgery is cost-beneﬁcial within a CBA
framework, but this conclusion is not supported in the case of
spinal fusion. Nevertheless, to improve reliability of the
net-beneﬁt estimates for these interventions, we recommend
further studies comparing in particular ex ante and ex post
WTP methods.
Keywords: contingent valuation, cost-beneﬁt analysis, discec-
tomy, spinal decompression, spinal fusion, spinal surgery,
willingness to pay.
Introduction
Costs for spinal surgery have risen substantially over
the last two decades because of a variety of factors.
Demographic changes, advances in technology, unclear
indications, and ﬁnancial incentives for the involved
parties may have had synergistic effects [1]. Despite the
frequent use of spinal interventions, scientiﬁc evidence
for their therapeutic efﬁcacy compared to natural his-
tory and nonoperative treatment is sparse. This is
particularly true for instrumented fusion for degenera-
tive disc disease, one of the most costly spinal inter-
ventions [2]. In addition, there is little evidence on the
valuations patients place on such surgery. Further,
limited health-care resources increasingly demand that
evidence is obtained not only on therapeutic efﬁcacy of
treatment modalities but also on costs.
Consequently, an increasing number of health-
economic studies are being published in the ﬁeld of
spinal surgery. Recently, the cost-effectiveness and
cost-utility of several spinal interventions have been
explored [3–6]. Nevertheless, we are not aware of any
cost-beneﬁt analysis (CBA) using the contingent valu-
ation (CV) approach with willingness to pay (WTP) in
the ﬁeld of spinal surgery, even though this approach
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has at least three key advantages in health care over
other methods [7]: 1) WTP is theoretically founded in
welfare economics; 2) WTP enables a more compre-
hensive valuation of beneﬁts than quality-adjusted
life-years; and 3) CBA allows questions of allocative
efﬁciency to be addressed (not just within health care
but across government sectors).
In practice, however, there is still a debate on the
validity of data obtained from WTP trials. On the one
hand,WTP has been found to be a valuable approach to
assess patients’ beneﬁts in health care [8–15; P. Shackley
and C. Donaldson, 2001, unpublished], and it has also
been shown that WTP is not inferior in terms of appli-
cability, understandability, or test–retest reliability to
other techniques [16–28]. On the other hand, validity
and reproducibility of the different methods used to
elicit WTP have been found to be critical issues requir-
ing further investigation before being deﬁnitely used in
health-care decision-making [29].
One important distinguishing feature of WTP
methods is the elicitation perspective, whether ex ante
or ex post. Values are ex ante in the sense that the
consumer’s expected utility may differ from the real-
ized utility of a particular good compared to ex post
values where the state of the world is known. O’Brien
and Gafni [30] distinguish between an ex post user-
based perspective and an ex ante insurance-based per-
spective where the ex post user is assumed to be “at the
point of consuming some unit of the program being
evaluated.” Shackley and Donaldson [31] note that, to
be more speciﬁc, patients are deﬁned as individuals
who are “currently diseased,” that is, individuals who
may be in the process of consuming health care or are
waiting to consume health care. O’Brien and Gafni
[30] deﬁne an ex ante user as someone at risk of
contracting a disease and therefore at risk of consum-
ing the treatment programme of interest. In his review
of CV studies in health care, Klose [29] states that
although the use of ex ante WTP values is consistent
with CBA, only about 20% of economic evaluations
performed CV from such a state. Shackley and
Donaldson [31] categorize the appropriate perspective
depending on whether data are collected from patients
or the public and for a privately ﬁnanced good or a
publicly ﬁnanced good. A useful discussion of the theo-
retical difference between ex ante and ex post WTP is
provided by Johannesson [32].
Although interest in WTP has substantially
increased in many different areas in health care
[7,30,33,34], in the ﬁeld of musculoskeletal disorders
only a few studies have been performed, in studies of
cervical spondylotic myelopathy [35], rheumatoid
arthritis [36,37], and osteoarthritis [38,39]. Most of
them explored methodological aspects, and only one
study has empirically assessed the beneﬁts of a surgical
intervention, that is, joint arthroplasty for knee and
hip osteoarthritis in a group of individuals operated on
because of osteoarthritis [40]. Further to this, no iden-
tiﬁable studies have tested the feasibility of using either
ex ante or ex post WTP values within a CBA in the
ﬁeld of musculoskeletal disorders.
Against that background, we opted in this study: 1)
to test the feasibility of the ex post WTP approach for
the most frequent spinal interventions (discectomy for
disc herniation [41], spinal decompression for spinal
stenosis [42], spinal fusion for degenerative disc
disease [43]), that is, whether or not patients are
willing and able to answer such questions; and 2) to
make a ﬁrst estimate from a patient’s perspective of the
economic net beneﬁt of these interventions within a
formal CBA framework.
Materials and Methods
Swiss Health-Care System
In the Swiss health-care system everyone must have a
basic health-care insurance for which he or she has to
paymonthly. The basic health-care insurance covers the
costs for a deﬁned set of medical treatments currently
also including the interventions under investigation in
this study. The set of medical treatments is deﬁned by
policymakers of the government. In addition to the
general insurance, one can contract private insurances
which allow for further health services. The rate to be
paid for the basic and additional insurances depends on
the insurance company. In public hospitals (as is ours)
privately insured patients are partly subsidizing those
with a basic insurance as the latter are not cost-
covering. The remaining deﬁcit which cannot be
covered like this is ﬁnally indirectly covered by the
public. The ratio of privately/publicly ﬁnanced health-
care costs at our institution is about 30%/70%. Follow-
ing the study by Shackley and Donaldson [31] where
data are collected from patients for a publicly ﬁnanced
good––the closest case to this study––we contend that it
is theWTP values of patients (i.e., ex post values) which
are relevant because it is the patients who bear the
opportunity costs of any decision.
Population and Study Design
A total of 115 consecutive patients (65 female and 50
male) with a mean age of 59.4 years (range 21–94)
were included in the study. Inclusion criteria were: 1)
posterior or anterior lumbar interbody fusion (PLIF/
ALIF) for degenerative disc disease/spondylolisthesis
(n = 37), lumbar discectomy for disc herniation
(n = 39), or lumbar decompression for spinal steno-
sis (n = 39) between 2000 and 2003 in our institution
(Orthopaedic University Hospital); 2) failed conser-
vative treatment; 3) followed-up for a minimum of
1 year after surgery as most of the changes after a
spinal intervention occur within 1 to 2 years postop-
eratively (this is the generally accepted follow-up time
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for clinical orthopedic studies); and 4) sufﬁcient
knowledge of the German language. Included
patients who had to be reoperated (n = 9) due to
complications or recurrent symptoms remained
included for all analyses. To reduce heterogeneity in
the sample, patients with previous spine surgery,
tumor, infection, or other consuming illness were not
included; such patients are sometimes treated with
similar operations to those we investigated, but have
different diagnoses and prognoses that would hamper
comparison. All patients had been operated on by the
senior author or under his supervision. The senior
author was not involved in the follow-up examina-
tion for the purpose of this study.
As data assessment by face-to-face interviews was
not possible in our clinical setting because of the high
need of time and manpower and therefore high costs,
all patients were sent a self-rating questionnaire in
which patient characteristics and CV information on
the procedure they had experienced were collected.
Those not answering within 4 weeks were contacted
by telephone and encouraged to participate. To
explore the plausibility of the results, 80 respondents
were contacted for a post hoc telephone interview in
which they were informed of the average WTP across
all respondents for the respective surgical procedure,
and asked if they considered this ﬁgure to be realistic
with respect to their perception of costs. Fifty-two
patients additionally participated in a test–retest
experiment to assess the reliability of the CV question-
naire, in which they received identical CV questions
4 weeks after the baseline survey.
Measured Variables and Data Management
Questionnaire assessments. In addition to items on
sociodemographics, present complaints, and employ-
ment status (Table 1), a set of CV questions (Table 2)
was included. The valuation was based on WTP at
the time of the interview, that is, at least 1 year post-
operatively (ex post). Standardized questionnaires
on disability (Roland and Morris) [44], outcome
(Deyo Core Questions) [45], and quality of life (SF-
8, EuroQol) [46–48] were used to assess clinical
outcome. The Roland and Morris questionnaire con-
sists of 24 questions about the impairment of daily
activities due to back problems. The answer format
is dichotomous (yes/no). Yes is valued as “1” and
means that the patient is suffering from a speciﬁc
impairment. Maximal disability is represented by a
total score of 24 whereas zero corresponds to no dis-
ability at all. The Deyo Core Outcome Questionnaire
consists of six items covering the core outcome
dimensions pain, function, well-being, disability, and
satisfaction post treatment. Again, zero corresponds
to no impairment at all whereas 10 relates to
maximal impairment. The design of the CV survey
was evaluated in three steps before giving a ﬁnal
version to the study population:
1. In face-to-face interviews (n = 20) the general
acceptance of the CV questions were tested.
Closed-ended, open-ended, and payment scale
formats were explored [49]. The face-to-face inter-
views were done by the senior author during con-
sultations in the outpatient clinics. Patients who
Table 1 Variables collected from chart review and questionnaire
Variable Scale
Sociodemographic data
Age Years
Sex Male/female
Marital status Never married, married, divorced, widowed
Individuals in household Living alone, living with partner, living with partner and children, living with
children, living with other persons
Children Number
Educational level University degree, high school, elementary school, none
Health insurance class General, semiprivate, private
Complaints (at follow-up)
Present pain intensity (back/leg pain) VAS
Present pain index (pain at present, worst/best last 7 days) VAS (composite score)
Frequency of medication None, seldom, frequently, regularly
Type of medication None, paracetamol, NSAID, narcotics
Work status Full time, part time, lighter work, student/homemaker
Outcome variables
Subjective assessment of surgery Excellent, good, fair, poor, worse than before
Subjective rating of general care Very satisﬁed, satisﬁed, undecided, dissatisﬁed, very dissatisﬁed
Relative postoperative improvement (at follow-up) VAS
Standardized questionnaires
Disability Roland & Morris (24 items, composite score) [44]
Quality of life SF-8 (physical/mental summary score) [48]
EuroQol (5 items, composite score) [47,48]
Outcome Deyo Core Questions Score (7 items, composite score) [45,70]
NSAID, nonsteroidal antiinﬂammatory drug;VAS, visual analogue scale.
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were interviewed were planned for the similar
interventions under investigation but were not
part of our study population. The experience of
the face-to-face interviews was used to design a
pilot questionnaire.
2. In a structured interview with 20 additional
patients from outpatient clinics, this pilot ques-
tionnaire was then explored. The payment scale
format was abandoned after this step because of
strong starting point bias. Comments from the
patients concerning question content and format
resulted in further reﬁnements.
3. The pilot questionnaire was then validated using
the “Delphi method” [50] by asking ﬁve peers in
the ﬁeld of economics, psychology, and medicine
to comment on its design. This resulted in supple-
ments and a rephrasing of questions.
The ﬁnal questionnaire included two open-ended
WTP questions, one dichotomous willingness-to-
accept (WTA) question (yes/no), and a closed-ended
4-point Likert scale “take-it-or-leave-it” item (TIOLI)
(Table 2). The scenario of the open-ended WTP ques-
tion is shown in Table 2, ﬁrst question. As we used an
Table 2 Item characteristics and reproducibility CV survey
Item Response format Acceptability
Floor/ceiling
effects Distribution
Reproducibility
n = 52
ICC Kappa
Suppose your insurance would not
have covered the cost of the surgery.
What would be the maximum amount
you would have paid for the intervention
out of your own pocket?
Absolute value
open-ended
n = 77
73.3%
— Skewness
2.453
Kurtosis
9.401
0.494
CI:
0.222–0.696
P < 0.001
—
Would you be willing to take on a loan,
if you could not pay for the surgery?
Likert scale
(yes, probably yes,
probably no, no)
n = 98
93.3%
Ceiling
50.5%
Floor
15.2%
Skewness
0.878
Kurtosis
-0.771
— 0.351
P < 0.001
Suppose your household income was
€5769 and your wealth was €128,205.
What would be the maximum you
would have paid for the intervention
out of your own pocket?
absolute value
open-ended
n = 75
71.4%
— Skewness
3.456
Kurtosis
17.574
0.5916
CI:
0.349–0.760
P < 0.001
—
Would you have renounced surgery
for money? If yes, for how much?
Dichotomous
(yes, no)
n = 96
91.4%
— Skewness
-5.474
Kurtosis
28.560
—* —
Would you recommend your type
of surgery to family and friends?
Likert scale
(no, probably no,
probably yes, yes)
n = 101
96.2%
Ceiling
71.4%
Floor
1.9%
Skewness
2.047
Kurtosis
3.864
— 0.741
P < 0.001
Would you recommend your type
of surgery to family and friends,
even if they have to pay for it
out of their own pocket?
Likert scale
(yes, probably yes,
probably no, no)
n = 99
94.3%
Ceiling
58.1%
Floor
3.8%
Skewness
1.582
Kurtosis
2.125
— 0.473
P < 0.001
TIOLI: Imagine the surgery would
cost €x.Would you have chosen
the operation? (x = 6410 for
discectomy, 12,821 for spinal
decompression, and 19,231 for
spinal fusion)?
Likert scale
(yes, probably
yes, probably
no, no)
n = 99
94.3%
Ceiling
51.4%
Floor
5.7%
Skewness
1.105
Kurtosis
0.210
— 0.413
P < 0.001
How much do you estimate the total
hospital costs for your intervention?
Absolute value
open-ended
n = 91
86.7%
— Skewness
1.764
Kurtosis
2.927
0.811
CI:
0.695–0.892
P < 0.001
—
What is your monthly gross
household income?
Numerical rating
scale
n = 91
86.7%
— Skewness
1.448
Kurtosis
1.710
—* —
Do you own real estate? Dichotomous
(yes, no)
n = 97
92.3%
— Skewness
0.105
Kurtosis
-2.031
—* —
Financial solvency: How easy
is it for you to gather €32,051
in cash within short term?
Likert scale
(very difﬁcult, difﬁcult,
rather difﬁcult, rather
easy, easy, very easy)
n = 95
90.5%
Ceiling
1.0%
Floor
29.5%
Skewness
0.790
Kurtosis
-0.286
— 0.415
P < 0.001
*These items were not included in the test–retest experiment.
CI, conﬁdence interval; CV, contingent valuation; ICC, intraclass correlation coefﬁcient.
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ex post approach to assess WTP where patients had
already undergone surgery, there was no information
provided on success rates, risks, or alternatives incor-
porated. Nevertheless, patients had been informed
about the risks, possible improvement, and alternative
treatment possibilities before surgery according to our
general preoperative procedure of obtaining informed
consent for the intervention. Patients who answered
the WTA question with “yes” were asked for how
much money they would do so (open question). In the
TIOLI question respondents were asked if they would
have surgery for a given hypothetical intervention cost.
Patients were not informed that this hypothetical
amount approximately equaled the actual intervention
costs.
Costs. The price base year was set at 2003 because
since then all costs arising during a hospital stay in our
institution can be related to the corresponding patient
(institutional full-absorption cost accounting). As the
costs for these interventions remained stable over the
past years, this permitted the estimation of all direct
patient-related costs incurred during the hospital stay
for our population. We chose 60 patients who under-
went the interventions under investigation (20 each) in
2003 and used their cost data for our analysis. Prices
are given in euros. One euro equals approximately 1.3
US dollars.
Data analyses and statistics were carried out in ﬁve
steps:
1. Evaluation of the CV questions: Acceptability was
assessed as the proportion of each questionnaire
item answered in relation to the number of
returned questionnaires. Distribution was assessed
by calculating skewness and kurtosis. Reliability
was estimated by kappa statistics [51], and the
intraclass correlation coefﬁcient (ICC) [52]. Floor
and ceiling effects were considered by calculating
the relative number of individuals obtaining the
lowest or highest scores possible for each scale/
item.
2. Descriptive statistical analyses to explore frequen-
cies, mean/median values, standard error of mean,
and standard deviation.
3. Univariate correlative analyses of the clinical
outcome parameters, income levels, health insur-
ance status, and the WTP values were carried out
to test the theoretical validity of the WTP data.
4. Multivariate linear regression analyses using the
ordinary least square approach was used to
explore signiﬁcant predictor variables for WTP/
WTA. Because of the numerous covariates that
might inﬂuence outcome, we chose to include only
those parameters for which the univariate correla-
tive analyses showed a signiﬁcant relationship.
Age, sex, household income, real estate, ﬁnancial
solvency, estimation of intervention costs, and
health insurance class entered the model as con-
founding covariates in the ﬁrst step. In the second
step, potential predictor variables were entered if
signiﬁcant in the correlative analysis.
5. Net beneﬁts were estimated by subtracting the
costs from the WTP values (net beneﬁt =
WTP - cost); these data were then bootstrapped
to generate 95% conﬁdence regions around the
estimates (the upper 97.5th and the lower 2.5th
percentiles were the conﬁdence values).
SPSS 11.5 (SPSS Inc., Chicago, IL) and Microsoft
Excel (Microsoft, Redmond WA) were used for statis-
tical analyses. The level of signiﬁcance was set at 0.05,
two-tailed.
Results
The response rate was 91.3% (n = 105). All but ﬁve
patients were located. Three patients had died. Two
patients found the questionnaire too personal or
complicated and refused to participate. The missing
patients did not differ signiﬁcantly from the partici-
pants in terms of age and distribution of sex. The
average time elapsed since surgery was 32 months
(range: 12–53). Nine patients had to be reoperated
because of wound infection (n = 1), implant loosening
(n = 1), failed fusion (pseudarthrosis, n = 1), recurrent
disc herniation (n = 4), and newly occurred stenosis
(n = 2) 1 week to 21 months after primary surgery.
They valued the success of surgery signiﬁcantly
(P < 0.021) lower than the others. In all other eco-
nomic and clinical outcome parameters, no signiﬁcant
differences were found between the two groups.
A total of 22.9% of our study population had a
monthly gross household income below €2560, and
26.7% in the range of €2560 to €3850, which is still
below the average household income of €5770
(median: €4490) in our country.
Item Characteristics CV Survey
The questions were answered by most patients
(Table 2). No signiﬁcant differences were found
between responders and nonresponders in terms of age,
sex, health insurance class, underlying diagnosis, rate of
reoperation, and educational status. The TIOLI ques-
tion led to higher response rates than the open-ended
maximum WTP item (94.3% vs. 73.3%). Reasons for
not answering speciﬁc questions were the hypothetical
scenery in up to 10.5% of cases, the too intimate
character of the questions in up to 13.3%, and not
knowing the answer in up to 10.5% of the cases. In the
open-endedWTP questions up to 11.4% of the patients
mentioned that they would pay everything or as much
as necessary for the surgery and therefore did not report
a speciﬁc amount of money. Floor and ceiling effects
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ranged from 1.0% to 71.4%. The questions on recom-
mendation of surgery to family and friends showed the
strongest ceiling effects with 71.4% and 58.1%. The
weakest ceiling effect with 1% was found in the ques-
tion on ﬁnancial solvency. Kappa statistics exhibited
fair to substantial reliability (0.35 and 0.74) and the
ICC ranged from 0.49 to 0.81. 83.8% (n = 67) of
respondents in the post hoc telephone interview found
the average WTP results presented plausible. 15%
(n = 12) did not quite agree, and one patient (<1%)
completely disagreed with the ﬁndings.
Clinical Outcome
A total of 76.2% (n = 80) stated that the result of the
operation was good or excellent. 89.5% (n = 94)
reported they were satisﬁed or very satisﬁed with the
treatment. The Roland and Morris showed a mean
value of 6.7 (median: 5.0; range: 0–23) indicating little
disability in daily activities. Pain assessment by visual
analogue scale (VAS) revealed a mean of 3.4 (median:
3.0; range: 0–10).
Willingness to Pay and Willingness to Accept
Maximum WTP averaged €11,008 (95% conﬁdence
interval [CI] 7211–16,186) for spinal fusion, €7170
(95% CI 4423–10,256) for lumbar discectomy, and
€7692 (95% CI 5513–10,128) for spinal decompres-
sion (Table 3). In addition to this, with the hypotheti-
cally given average monthly gross household income
(€5770) and wealth (€128,205) of the population in
our country, maximum WTP increased to €21,427,
€17,117, and €10,287, respectively (Table 3). Two
male (33 years, fusion and 83 years, decompression)
and one female (84 years, decompression) participants
were willing to hypothetically renounce surgery for
money. They mentioned a WTA of €384,615, €32,051,
and €3205, respectively. Their WTP accounted for
€6500, €3250, and €1950, respectively. The two men
reported the success of surgery being satisfying while
the woman reported an excellent success of surgery. All
mentioned to have achieved a substantial pain relief of
70% to 90%. Seventy-one patients (67.6%) stated
they would be willing to take on a loan if they were
unable to pay for the intervention. Ninety-three
patients (88.5%) would recommend surgery to close
friends and family and 84.8%would even do so if their
relatives or friends had to pay for it out of their own
pocket. 76.2% of the individuals mentioned that they
would choose the operation for a given hypothetical
intervention cost (TIOLI) (Table 4). No signiﬁcant dif-
ferences in the TIOLI answers were found between the
different treatment groups. WTP correlated positively
Table 3 Descriptive statistics on maximum willingness to pay (WTP) and effective hospital costs (€)
Surgery MaximumWTP
MaximumWTP
with given income Effective hospital cost
Spinal fusion
Valid numbers 29 27 20
Mean 11,007* 21,427† 13,779
SEM 1,919 30,924 758
Minimum–maximum 0–51,282 1,603–64,103 10,221–24,767
SD 10,335 16,070 1,467
Median 9,615 19,231 13,560
Discectomy
Valid numbers 27 27 20
Mean 7,170* 17,117† 5,226
SEM 1,285 4,776 247
Minimum–maximum 0–25,641 0–128,205 3,901–7,948
SD 6,674 25,819 1,107
Median 6,410 6,410 5,255
Spinal decompression
Valid numbers 21 21 20
Mean 7,692* 10,287 6,969
SEM 1,235 1,555 569
Minimum–maximum 1923–25,641 1,923–25,641 3,676–11,979
SD 5,562 7,125 2,542
Median 6,410 6,410 6,226
Overall
Valid numbers 77 75 60
Mean 8,758* 16,756 8,658
SEM 927 2,131 578
Minimum–Maximum 0–51,282 0–128,205 3,676–24,767
SD 8,134 18,460 4,476
Median 6,410 12,821 7,329
Group difference
(Kruskal–Wallis test)
P = 0.204 P < 0.032 P < 0.001
*Signiﬁcant difference compared to estimated hospital costs.
†Signiﬁcant difference compared to maximumWTP.
No signiﬁcant differences were found between maximumWTP and effective hospital costs.
SEM, standard error of the mean.
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with the willingness to have the operation for a given
price (TIOLI; r = 0.441, P < 0.001).
Correlation Analysis
Economic outcome variables (maximum WTP, WTP
with given income/wealth, TIOLI, willingness to take
on a loan, recommendation to friends/family) were
correlated with the ﬁnancial situation of the individu-
als (r = 0.279 to 0.379; P < 0.001 to 0.050). Further-
more, the estimation of hospital costs (r = 0.405 to
0.576; P < 0.001) and insurance class (r = 0.270 to
0.342; P < 0.019 to 0.002) were signiﬁcantly corre-
lated with the open-ended WTP items. Among the
health-related parameters, relative pain improvement
(r = 0.203 to 0.355; P < 0.028 to 0.001), present pain
(r = -0.208 to -0.257; P < 0.09 to 0.011), frequency
of pain medication intake (r = -0.199 to -0.224;
P < 0.048 to 0.027), and disability (r = -0.226 to
Table 4 Results of the contingent valuation survey
Item
Spinal fusion
Spinal
decompression Discectomy Total
n % n % n % n %
Would you be willing to take
on a loan, if you could not
pay for the surgery?
Yes 20 54.1 12 35.3 21 61.8 53 50.5
Probably yes 7 18.9 7 20.6 4 11.8 18 17.1
Probably no 4 10.8 5 14.7 2 5.9 11 10.5
No 5 13.5 7 20.6 4 11.8 16 15.2
Missing 1 2.7 3 8.8 3 8.8 7 6.7
I would have renounced
of the surgery for money?
Yes 1 2.7 2 5.9 0 0 3 2.9
No 34 91.9 28 82.4 31 91.2 93 88.6
Missing 2 5.4 4 11.8 3 8.8 9 8.6
Would you recommend
your type of surgery to
family and friends?
Yes 25 67.6 25 73.5 25 73.5 75 71.4
Probably yes 8 21.6 4 11.8 6 17.6 18 17.1
Probably no 3 8.2 1 2.9 1 5.9 6 5.7
No 0 0 1 2.9 1 2.9 2 1.9
Missing 1 2.7 3 8.8 0 0 4 3.8
Would you recommend
your type of surgery to
family and friends, even
if they have to pay for it
out of their own pocket?
Yes 22 59.5 20 58.8 19 55.9 61 58.1
Probably yes 10 27.0 8 23.5 10 29.4 28 26.7
Probably no 3 8.1 2 5.9 1 2.9 6 5.7
No 1 2.7 1 2.9 2 5.9 4 3.8
Missing 1 2.7 3 8.8 2 5.9 6 5.7
TIOLI: Imagine the surgery
would cost €x.Would you
have chosen the operation?
(x = 6410 for discectomy,
12,821 for spinal
decompression, and 19,231
for spinal fusion)
Yes 19 51.4 13 38.2 22 64.7 54 51.4
Probably yes 9 24.3 11 32.4 6 17.6 26 24.8
Probably no 6 16.2 4 11.8 3 8.8 13 12.4
No 2 5.4 3 8.8 1 2.9 6 5.7
Missing 1 2.7 3 8.8 2 5.9 6 5.7
Financial solvency: How easy
is it for you to gather €32,051
in cash within short term?
Very difﬁcult 10 27.0 9 26.5 12 35.3 31 29.5
Difﬁcult 11 29.7 8 23.5 8 23.5 27 25.7
Rather difﬁcult 8 21.6 6 17.6 5 14.7 19 18.1
Rather easy 2 5.4 3 8.8 3 8.8 8 7.6
Easy 4 10.8 3 8.8 2 5.9 9 8.6
Very easy 0 0 0 0 1 2.9 1 1.0
Missing 2 5.4 5 14.7 3 8.8 10 9.5
Differences between groups were not signiﬁcant.
TIOLI, “take-it-or-leave-it” item.
Cost-Beneﬁt Analysis in Spinal Surgery 581
-0.357; P < 0.049 to 0.001) were signiﬁcantly corre-
lated in the expected direction. Age was signiﬁcantly
inversely correlated with the willingness to take on a
loan (r = -0.25; P < 0.013).
Prediction of WTP
Relative pain improvement (P < 0.014; Fig. 1), dura-
tion of hospital stay (P < 0.047), and the estimated
intervention cost (P < 0.001) were signiﬁcant indepen-
dent predictors of WTP. Moreover, present pain
(P < 0.054; Fig. 1) and the frequency of painkillers
(P < 0.087) also showed a strong tendency to sig-
niﬁcantly predict WTP (ﬁnal regression model: R =
0.811, R2 = 0.657, adjusted R2 = 0.529, F = 5.146,
P < 0.001). Relative pain improvement (P < 0.007),
present pain level (P < 0.031), and the SF-8 mental
subscore (P < 0.026) were signiﬁcant predictors for
the willingness to undergo the intervention with given
costs (TIOLI) (ﬁnal regression model: R = 0.669,
R2 = 0.448, adjusted R2 = 0.295, F = 2.937, P <
0.001). A recommendation of surgery to friends and
family was predicted by relative pain improvement
(P < 0.042), present pain levels (P < 0.019), and the
duration of hospital stay (P < 0.043) (ﬁnal regression
model: R = 0.639, R2 = 0.408, adjusted R2 = 0.245,
F = 2.499, P < 0.006). Only the SF-8 mental subscore
signiﬁcantly predicted the willingness to take on a loan
for surgery (P < 0.043), while the EuroQol showed
a tendency toward signiﬁcant prediction (P = 0.064)
(ﬁnal regression model: R = 0.568, R2 = 0.323,
adjusted R2 = 0.136, F = 1.726, P = 0.067).
Costs of Surgery
The actual mean costs of lumbar fusion (€13,778)
were almost twice the costs for lumbar decompression
(€6969). Discectomy was least cost-intensive, at
€5226. Signiﬁcant differences were found in costs
between fusion and decompression/discectomy (P <
0.001) and between decompression and discectomy
(P < 0.012). The main components of cost were wages
for personnel and medical services, while implants
accounted for 24.0% of the total costs in the fusion
group.
Cost-Beneﬁt Analyses
In the fusion group, maximum WTP was lower
(-20%) than the actual procedure costs, while WTP
exceeded costs in the discectomy and the decompres-
sion group by 37% and 10%, respectively (Table 3).
These differences were not statistically signiﬁcant. Cal-
culation of net beneﬁts showed that spinal decompres-
sion and discectomy are both within the realms of
being cost-beneﬁcial with positive net beneﬁts while
spinal fusion gave rise to a net welfare loss (Table 5).
Given a hypothetically average wealth and monthly
household income of our country’s population,
maximum WTP was substantially higher than the
actual intervention costs (fusion: +55%; decompres-
sion: +47%; discectomy: +227%); these differences
were signiﬁcant for spinal fusion (P < 0.023) and
decompression (P < 0.020).
Discussion
Careful economic evaluation of spinal interventions is
prompted by the increasing pressures on health-care
resources. To the best of our knowledge, this is the ﬁrst
CV survey to explore the costs and beneﬁts of spinal
surgery and generate formal net-beneﬁt estimates.
Since the major objective of this study was to test the
feasibility of this approach, given the resulting theo-
retical and face validity of the results it is hoped that
this study has provided initial evidence of the appro-
priateness of this economic methodology in such a
surgical setting.
Beside the potential advantages of CBA over other
economic evaluation methods, some methodological
concerns about the questions used to assess WTP and
the health-care setting in which the investigation is
taking place must be kept in mind before using the data
as a basis for allocating resources. The wayWTP values
may be used depends on the perspective of the
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Figure 1 Prediction of willness to pay (WTP) by % pain improvement
(P < 0.014) and present back pain level (P = 0.054). VAS, visual analogue
scale.
Table 5 Net beneﬁts and 95% CI of the different interventions
(€)
Intervention Net beneﬁt 95% CI
Spinal decompression 723.58 -426.65 to 1799.91
Discectomy 1943.52 1390.76 to 2372.88
Spinal fusion -2771.27 -4351.98 to -1495.74
CI, conﬁdence interval.
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approach, that is, whether the data were assessed from
patients or from the public, ex post or ex ante, respec-
tively, according to O’Brien and Gafni [30]. Further-
more, it will depend on whether the program under
investigation is privately ﬁnanced or publicly ﬁnanced
[31]. In the cases where values for a privately ﬁnanced
program are elicited from patients or the public, the use
of WTP is uncontroversial. But if the values are
obtained for a publicly ﬁnanced good, it is often
doubted that the conventional approach can be mean-
ingfully applied. Shackley and Donaldson therefore
suggested modiﬁed approaches to these two scenarios
[31]. As described previously, the Swiss health-care
system is partly privately but mainly publicly ﬁnanced.
For a comparison of different treatments in such a
setting the modiﬁed approach suggests the assessment
of a so-called “marginal”WTP: 1) patients are asked to
state their preferred treatment alternative; and 2) they
are then asked to state their WTP for receiving their
preferred treatment rather than the less preferable alter-
native. In a retrospective approach as in this study, this
would mean that patients had to value the incremental
beneﬁt of the preferred alternatives (surgery or preop-
erative conservative treatment) after a time span of at
least 1 year. We believe that this may bias the valuation
as the perception of pain and disability may change
dramatically during time. It is for the same reason that
retrospective pain assessment of more than 3 months is
not recommended [53–55]. Moreover, Haas et al.
found that pain and disability recall became more and
more inﬂuenced by present pain and disability during a
period of 1 year while the inﬂuence of actual relief and
pain and disability reporting at the initial consultation
decreased [56]. For this studywith themain objective of
testing the feasibility of the CV questions we believe
that our procedure was appropriate. Nevertheless, it
would be interesting to include and explore the “mar-
ginal” WTP approach in future studies.
We used a self-rating questionnaire for data assess-
ment because face-to-face interviews would have
required immense manpower. Being aware of the theo-
retical advantages of one-to-one interviews [57], we
also intended to test the feasibility of a self-rating
questionnaire in a CV approach in spinal surgery. As
there are no studies that directly compare different
assessment modes in the ﬁeld of health care, evidence
on which is the most appropriate method is lacking
[58]. Nevertheless, the assessment of clinical outcome
by self-rating tools is broadly used within all ﬁelds of
medicine and a response rate of 91.3% shows that this
is well accepted by our patients.
Acceptability, validity, and reproducibility of a
questionnaire are always important issues of concern.
We tried to address these topics from different direc-
tions. The acceptability in terms of response and
completion rates of the CV questions ranged from fair
to very good depending on the question format. The
open-ended WTP questions and those relating to
the respondent’s ﬁnancial situation achieved lower
response rates, in line with other reports in literature
on musculoskeletal disorders [36,40]. Compared to a
study on WTP for antihypertensive therapy by Johan-
nesson et al. [59] who reported a nonresponse rate
of 59%, in open-ended WTP questions we achieved
response rates of around 71%. We could not conﬁrm
that older patients more often failed to answer the
open-ended questions as reported by others [38,39].
In our study reduced acceptability of WTP questions
is partly explained by the personal nature of these
questions, objections to the hypothetical nature of the
questions, and by the fact that 9.6% would have paid
“everything or as much as necessary” for surgery and
therefore did not note a speciﬁc amount of money. As
the majority of these patients suffered from an acute
pain syndrome (i.e., disc herniation), we conclude
that in this situation a TIOLI format may be more
appropriate than an open-ended question which is
also in agreement with other reports [28]. Being given
an amount for the costs seems to facilitate answering
in the hypothetical setting. Interpreting these results
should respect the limited sample size that ideally
should be higher for the TIOLI format even though
the positive correlation with WTP indicates internal
consistency. To overcome the disadvantage of limited
variance of answers in the closed-ended TIOLI format
and the questions on recommendation of surgery, we
used 4-point Likert scales which led to strong ﬂoor
and ceiling effects. The question on recommendation
really screens for those who are dissatisﬁed with treat-
ment outcome, and would not make the same choice
again irrespective of the chance within other treat-
ment options. Fortunately, such dissatisfaction is rare.
Therefore, ceiling effects are to be expected. Floor and
ceiling effects refer to the proportion of patients
obtaining the lowest or highest possible score for the
given scale, and for whom any transition to an even
more extreme status would therefore not be measur-
able with that scale. In longitudinal research ﬂoor and
ceiling effects therefore restrict the measurement of
change, and recommendations are given to avoid
ﬂoor or ceiling effects greater than 70% [60]. Never-
theless, in cross-sectional clinical research, items with
ﬂoor and ceiling effects should be included, because
they are not adverse but reﬂect that some items are
endorsed by most patients and some by very few
patients––which is valuable “state of the art” infor-
mation [60]. Taking into consideration that the use of
the current item on recommendation is primarily
descriptive for cross-sectional purpose, ﬂoor and
ceiling effects seem acceptable. Nevertheless, to
increase sensitivity in future studies the response
format could be expanded to seven points which
would probably not damage scale reliability, while
increasing scale sensitivity [61].
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Content validity was addressed by applying the
Delphi method in composing our questionnaire [50].
We feel that the resulting additions and modiﬁcations
of content and format led to a substantially improved
and broad-based questionnaire. Nevertheless, lacking
a gold standard, a conclusive assessment of content
validity is very difﬁcult to achieve. In the post hoc
telephone interview, 83.8% of respondents found our
results plausible and in line with their expectations,
estimating good respondent validity. This result may,
however, be biased by some yea-saying effect and in
future this might be addressed by offering different
amounts of money and comparing the answers. The
test–retest experiment revealed fair to substantial
reproducibility. The majority of preference changes
occurred within one category. None of the respondents
completely changed side from yes to no or vice versa.
It should be noted that a minimum of 4-week
follow-up is a difﬁcult test of reproducibility, as some
background variables may have changed during this
period leading to deviating responses [49].
Beneﬁts of Surgery
Our interpretation of the clinical outcome variables is
tentative because of the limitations of a retrospective
study design: these pilot data should be seen as an
outcome reference to enable a comparison with the CV
survey results. Despite this, certain conclusions on sur-
gical outcome can be made. In particular, 76.2% of
respondents found the results of surgery good or excel-
lent. The Roland & Morris disability score and the
pain VAS indicated slight-to-moderate disability and
pain at the ﬁnal follow-up. Even though we cannot
compare these results with the preoperative status,
they are in line with other outcome reports after
similar operations [62–64]. Assuming that patients
would only recommend surgery to friends and family if
they had actually obtained a substantial beneﬁt from
the intervention, we included a question to test this
hypothesis. This approach is frequently used in
outcome assessment. The high rate of positive answers
(Table 4) indicates that the patients had gained a sub-
stantial improvement of their health status.
The monetary valuation of the perceived beneﬁts
by maximum WTP was greater than the actual inter-
vention costs for discectomy and decompression but
lower for spinal fusion. WTP increased substantially
for all three interventions when patients were asked to
imagine that they had the average monthly household
income and wealth of our country. This reﬂects the
fact that the average ﬁnancial situation of our patients
was well below average, with almost 50% of our
patients reporting an average monthly household
income of less than €3846. The median values of
€4487 for the monthly income and €3205 for the
taxable wealth in our country make clear that only a
small minority of wealthy people caused the high
mean values. It seems that patients would pay more
for surgery if they had the respective ﬁnancial
resources. This is particularly true for the aforemen-
tioned 50% of patients: this group reported a signiﬁ-
cantly higher relative increase of WTP when income
and wealth were given (+152% vs. +52%; P < 0.019),
indicating that they valued their perceived beneﬁt
higher than they could realistically afford. This and
the fact that WTP with given income and wealth was
somewhat higher than the estimated intervention cost
in all three interventions indicates that patients per-
ceived a substantial beneﬁt of surgery. Nevertheless,
two patients with less monthly income than the sug-
gested €5770 reported a lower WTP in the scenario
with given income and wealth than they did in the
simple WTP question. This is a critical point as it may
indicate that the question was misunderstood or
provoked protest answers. Three participants were
willing to renounce surgery for money. Two male
patients reported the success of surgery only as being
satisfying and would have accepted an amount of
money that was 10 and 60 times their WTP, respec-
tively. One female patient reported an excellent
success of surgery but reported a WTA of only 1.7
times of her WTP. All three achieved a substantial pain
relief of 70% to 90%, but the two male participants
still reported actual pain levels of 6 and 9 on the VAS.
This discrepancy remains unclear. The problems of
pain recall may play a role here, but one would expect
a lower valuation of pain relief with higher actual
pain levels [56]. These individuals may simply have
expected more from surgery in terms of pain and dis-
ability relief than they achieved. The scenario of WTA
which would allow the patient to renounce surgery for
a speciﬁc amount of money is obviously very hypo-
thetic in the current Swiss health system. This might
be another reason for the small number of “accep-
tors” in the WTA question. On the other hand, those
individuals who reported that they were not willing to
renounce surgery for money might either not want to
admit that they would choose money for health, or felt
that they needed surgery in any case. Considering the
patients’ subjective rating of surgery, and the fact that
all failed to improve substantially by conservative
treatment, we feel that the latter is valid for most of
our patients indicating that they perceived a valuable
health beneﬁt from surgery.
Several studies have highlighted the dependence of
the consumer’s WTP on income [40,65]. We assessed
not only household income but also the possession of
real estate and ﬁnancial solvency as indicators of the
individual ﬁnancial situation. These two additional
parameters revealed even stronger correlations with
WTP than household income, indicating that the
assessment of household income alone in WTP studies
may lead to an underestimation of the inﬂuence of the
individual’s ﬁnancial situation on WTP.
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In a recent investigation of hip and knee osteoar-
thritis, WTP poorly reﬂected the clinical condition and
was mainly related to economic status and ability to
pay [38]. Contrary to that study, a study of total hip
and knee arthroplasty revealed high correlations
between WTP, good health outcome, and patient sat-
isfaction, with pain relief being the dominant predictor
[40]. In our study, relative pain improvement was a
strong independent predictor for maximum WTP,
TIOLI, and the recommendation of surgery to
relatives/friends. Furthermore, current pain was a pre-
dictor for maximum WTP (P = 0.054) and the TIOLI
scenario (P < 0.019). For maximum WTP, the patient’s
estimate of hospital costs and the duration of stay were
additional predictors, suggesting that patients may be
willing to pay more if they perceive the actual costs to
be higher.
Cost-Beneﬁt Analysis
It has to be kept in mind that the aim of this study was
to test the feasibility of a CV approach in the ﬁeld of
spinal surgery; therefore, the net-beneﬁt results and
their 95% CIs from this study should be seen as pre-
liminary ﬁndings indicating potential trends.
We directly compared the valuation placed on ben-
eﬁts of spinal interventions with the treatment costs
within a formal CBA framework and estimated net
beneﬁts. In the discectomy and spinal decompression
groups the net beneﬁt was positive (+37%/+10%). In
the discectomy group this might be due to the good
treatment results after acute onset of the disease in a
substantially younger and active population. In con-
clusion, the results from the CBA show that dis-
cectomy and spinal decompression appear to be
cost-beneﬁcial when considering the treatment costs
during hospital stay. For an ALIF/PLIF procedure our
data do not seem to allow for a clear conclusion on the
net-beneﬁt ratio of these interventions. Only six
patients were willing to pay more than the actual costs
of spinal fusion, and they differed signiﬁcantly from
other respondents in the possession of real estate and
ﬁnancial solvency but in none of the clinical outcome
parameters. Seventy-eight percent of those who quoted
a sum below the actual costs nevertheless exhibited
a good or excellent result of surgery, and 87% were
satisﬁed or very satisﬁed with the treatment. There was
no signiﬁcant difference between the answers to the
TIOLI question (Table 4), and with a given income and
wealth patients after fusion exhibited a WTP that was
substantially higher than the effective hospital costs.
Although the isolated comparison of WTP and the
effective costs indicates a net welfare loss, clinical
parameters and the TIOLI results indicate a better
ratio of costs and the perceived beneﬁt. This discrep-
ancy may indicate a drawback to the open-ended WTP
questions as outcome parameters when the effective
costs are unknown to the patients.
Limitations
When interpreting the results of our feasibility study
some limitations should be considered. The retrospec-
tive study design did not allow for a comparison of the
clinical status of the patients pre- and postoperatively,
and it was not possible to assess all treatment costs
during the follow-up time (e.g., physiotherapy, pain
medication, etc.). Therefore, the net-beneﬁt results
obtained must be seen in the light of the main objective
of this study, that is, to test the feasibility of this
approach in spinal surgery. A more comprehensive cost
assessment during the follow-up period including indi-
rect costs is planned in future studies to allow for a
full economic evaluation. The improvement in the
patients’ health status assessed by a prospective inves-
tigation of the clinical parameters would theoretically
be a more reasonable predictor for WTP than only the
actual clinical status. For this reason, further studies
will include a prospective clinical assessment to inves-
tigate this point. As discussed, a further limitation is
the use of ex post WTP values instead of ex ante and
while some justiﬁcation has been provided in terms of
the setting for these study, future studies should
consider the theoretical advantages of the ex ante
approach.
Conclusions
This study demonstrated that a CV urvey is feasible
and permits the application of CBA in spinal surgery.
The majority of patients answered the questions in a
reasonable fashion. Nevertheless, reﬁnement of the
methodological approach, particularly when using the
open question format, should be considered in future
studies to improve reliability and validity.
Following the normative view of the Panel of Cost-
Effectiveness in Health and Medicine, economic eva-
luations should be carried out from an ex ante
perspective. But as pointed out by Klose [29], only
20% of CV studies in the literature have used this ex
ante perspective; they include studies in cystic ﬁbrosis
and radiology [66,67]. Some evidence in the literature
comparing ex ante and ex post WTP shows that ex
post values tend to be higher than ex ante values
[68,69]. It was believed that in our study, given the
combination of patient values with the mainly publicly
funded health-care system that the ex post approach
was appropriate, however, future studies could
compare ex ante values with ex post values in a surgi-
cal setting. In order to alleviate hypothetical bias, but
to account for theoretical validity, further studies could
use both approaches.
The results from the CBA show that discectomy and
spinal decompression appear to be cost-beneﬁcial
when considering the treatment costs during hospital
stay. If these results are reproduced in a full economic
study that also includes indirect costs, CBA may offer
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an additional tool to help decision-makers in the, often
tense, relationship between economics and health care.
Therefore, in our view the CBA approach is worth
further investigation in the health-care sector.
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